Introduction
Early in 1993, the Consumer Price Index (CPI) reversed course and increased at an annualized rate of roughly 4V3 percent-about IVi percentage points above its average growth rate during the previous six-month period. The prospect of rising inflation sent shock waves through capital markets and attracted the attention of monetary policymakers. The minutes of the Federal Open Market Committee (FOMC) meeting of May 18, 1993 document a commitment to shift the stance of monetary policy if the inflation statistics continued their ascent:
In the view of a majority of the members, wage and price developments over recent months were sufficiently worrisome to warrant positioning policy for a move toward restraint should signs of intensifying inflation continue to multiply.
But in the months immediately following the FOMC's "asymmetric directive," the growth rate of the CPI moderated sharply, averaging less than 2V2 percent per annum in the final six months of 1993. For the year as a whole, the CPI rose only about T>A percent, approximately VA percentage point below 1992's rate.
A popular interpretation of these events is that the inflationary scare of 1993 was a result of "seasonal" price increases that were not part of a more persistent inflationary process. In fact, several studies have identified a pattern of large price increases during the first several months of every year followed by a more moderate inflation performance over the balance of the year.
1 Indeed, prior to this recent experience, economists generally presumed that, relative to the real economy, prices contained little seasonal variation.
These observations raise an important question. Has the seasonality in prices changed substantially over the past quarter century? Perhaps seasonal variability was obscured by a dominant cyclical variability in prices over much of the post-World War II period. We do, in fact, find that seasonal price movements have become more prominent in the relatively stable inflation environment that has prevailed since 1982. Furthermore, we find that a substantial share of price seasonality is idiosyncratic in nature, which implies that seasonal patterns in 
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Women's Apparel Prices (not seasonally adjusted) Percent change 10 1982 Percent change 10 1987 Percent change 10 1992 Percent change 10 1967 Percent change 10 1972 Percent change 10 1977 SOURCE: U.S. Department of Labor, Bureau of Labor Statistics. 1982 Statistics. 1987 Statistics. 1992 individual price series are partially negated in the process of aggregation. Figure 1 shows monthly movements for the CPI without seasonal adjustment. Though monthly consumer prices are certainly volatile, there is little obvious seasonal movement in the aggregate data. However, prices of most components display a distinct seasonal pattern, and for some, such as women's apparel (figure 2), the seasonal pattern is a prominent feature of the data.
In this paper, we reevaluate the evidence of seasonality in consumer prices in light of the relatively stable inflation seen in the United States during the past 10 years. In section I, we describe and catalog deterministic seasonality in individual consumer prices. Section II considers seasonality in aggregate prices and the procedure used by the U.S. Labor Department's Bureau of Labor Statistics (BLS) for adjusting individual price data to eliminate seasonal variation. We show that this procedure allows idiosyncratic noise to become incorporated into the price data. We consider the use of a limitedinfluence estimator, the median CPI, as a method of reducing seasonal noise. 2 We then briefly describe the case of stochastic seasonality in consumer prices before concluding in section III. Miron (1990) identifies broad classifications of seasonal variation for a variable x t , the most common being deterministic seasonality, specified as
where df is a dummy for season s (df=l in season 5 of period t, 0 otherwise), a s is the mean of x t in season s, S is the number of seasons per year (four for quarterly data and 12 for monthly data), and e t is a stationary stochastic process.
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Although data on real output and nominal money exhibit substantial deterministic seasonal variation, it is curious to note the absence of a deterministic seasonal pattern in aggregate prices. For example, Barsky and Miron (1989) find that seasonal dummies explain nearly 88 percent of the quarterly variation in U.S. real GDP, more than 92 percent of real final sales, and more than 50 percent of the nominal money stock during the postwar period. Beaulieu and Miron (1990) obtain similar results at a monthly frequency for retail sales, industrial production, and money growth for a broad cross-section of countries.
However, seasonal variation has accounted for only a small share of the variation in aggregate prices in the postwar period (for example, less than 4 percent of the monthly variation in the CPI). Perhaps exogenous seasonal increases in aggregate supply fortuitously coincide with increases in seasonal demand, resulting in the substantial seasonality of real spending and output while virtually eliminating the seasonal behavior of prices. This explanation has been dismissed as implausible by Barsky and Miron (1989) and Mankiw and Miron (1990) . 4 Alternatively, it may be that aggregate supply is perfectly elastic. By extension, then, interestrate targeting policies that do not adjust for fluctuations in the real rate of interest at a seasonal frequency may have real effects that are manifested in exaggerated seasonal output and employment fluctuations (Mankiw and Miron [1990] ).
But the observed lack of seasonality in prices has been influenced by the predominant cyclical pattern of inflation during the 1970s and early 1980s, a pattern that has since been dramatically reduced. And as U.S. inflation has settled into a more stable pattern, seasonal variation has become a relatively more important arid more obvious source of monthly price fluctuations. That is, there is certainly less appearance of price stickiness at a seasonal frequency since 1982.
We use equation (1) to estimate the deterministic seasonal pattern in the monthly CPI over the 1967 to 1993 period and over two subperiods: 1967 to 1981, and 1982 to 1993 (table 1) . For the full period, we find that deterministic seasonality accounts for about 7 percent of the monthly variation in the CPIsimilar to the results found by Beaulieu and
• 3 Throughout the paper, we examine seasonality in the log difference of prices. In contrast, the BLS applies a two-sided ARIMA X-11 filter to the level of prices that includes both past and future data. In limited instances where a trend shift in the data is suspected, the BLS seasonally adjusts using intervention analysis (see Buszuwski and Scott [1988] ). We chose our method for two reasons: First, since our major interest is inflation, our goal is to seasonally adjust the growth rate of prices, not their levels. Second, we wish to model seasonality as either a deterministic or a simple stochastic process, in order to preserve the timing patterns in the data.
• 4 This explanation may not be as implausible as it initially seems. We find substantially more seasonality in energy prices after the collapse of OPEC price controls. It may well have been that OPEC price targets, which were managed by production quotas, operated at a seasonal frequency to maintain a constant price of oil. This accentuated seasonal behavior in energy prices may be an important seasonal cost fluctuation for a broad range of commodities in the post-1981 period. Miron (1990) . In the earlier, volatile inflation subperiod, deterministic seasonality represents about 3 percent of the monthly variation in consumer prices. Since 1982, however, seasonality accounts for approximately 32 percent of the monthly price movement. Estimated over the 1982 to 1993 subperiod, the amount of deterministic seasonality in prices, as measured by the seasonal variance, (a|), differs greatly by item, making it diffis = l cult to generalize about seasonal price movements from the 36 consumer items considered here (table 2), For example, the largest seasonal variation in prices occurs in women's apparel (last row), where seasonal fluctuations also represent 82 percent of the total price variation. At the other extreme, food away from home (first row) exhibits a very small amount of seasonal variation. Furthermore, these variations account for only about 9 percent of the total price variation in this category.
In some cases, seasonal variation is relatively large, yet still amounts to a small share of the total variation in the individual price series. For example, fuel oil and motor fuel prices each rank high in terms of deterministic seasonal variation, but in both cases such seasonality accounts for only 18 percent of their total price variation. However, while the seasonal variation in medical services prices is rather small, seasonality contributed to a relatively high proportion of the category's total price variation (57 percent).
A casual reading of the seasonal patterns fails to reveal an easily identifiable origin of the seasonal variation of prices (table 3) . Supply fluctuations may explain much of the seasonal behavior in food prices. Specifically, cereal and fruit prices show repeating price declines in the fall, when harvests are generally great, but large positive seasonals in January, when harvests are small. Public transportation prices show a single, large positive seasonal variation in January, and natural gas and electricity prices are generally adjusted upward in early summer (May and June), perhaps a reflection of their regulated environment.
A large share of the price movements, however, is hard to ascribe to obvious patterns in the weather or to the timing of holidays. For example, private education costs exhibit a single large seasonal increase in September, the beginning of the school year, which is offset by generally small and negative seasonals over the remaining 11 calendar months. 5 In no month was there a statistically significant deterministic seasonal for a majority of prices (table  3) . The most common, statistically significant seasonal price variations occurred in December, when 15 of the 36 components had significant, negative seasonals, against only two significant, positive seasonals. In January, 12 statistically significant, positive seasonals were detected against only four significant, negative seasonals.
• 5 The aggregate CPI in this study has been constructed using the 36 components and applying 1985 weights, such as in Bryan and Cecchetti(1994) . Moreover, the items that showed negative seasonal price adjustments during the final two months of the year were generally not the same items that tended to rise in price during the first few months of the following year. The proportion of the monthly aggregate price variation accounted for by seasonality was similar to that of a large number of its components, which directly implies that the unconditional variation in the CPI is also quite small relative to its components. That is, individual goods prices have negative unconditional and seasonal covariances. These results contrast with a number of recent observations on the seasonality of industrial production, shipments, retail sales, and other real magnitudes as documented by Barsky and Miron (1989) , Beaulieu and Miron (1990) , and Miron (1990) . Those variables show a positive correlation in seasonality across sectors and countries, parallel to the comovement in data that is generally presumed to characterize the business cycle.
We can examine the idiosyncratic nature of seasonal price movements directly using the linear decomposition of an individual price movement, p jr (2) p it =Jf+S t +s tt +s tt ,
where Pf is the average seasonally adjusted price change, S t is the average seasonal price movement, and s it and e it are mean zero, idiosyncratic seasonality and noise, respectively. That is, aggregate seasonally unadjusted price movements can be defined as
where the w { 's are base-period weights that sum to unity over all goods n. We can estimate S t directly in the aggregate unadjusted index and subtract it from the deterministic seasonal in the individual components to obtain an estimate of the idiosyncratic seasonals. Table 4 reports the ratio of the idiosyncratic seasonality to the common seasonal variance for each of the 36 components (var [s,-,]/var [S,]). In only two of the 36 cases-auto repair and food away from home-was the common price seasonal variance larger than the idiosyncratic seasonal variance. In half of the cases, we find that the idiosyncratic seasonality has more than five times the variance of the common seasonal. Our finding that deterministic seasonality in prices is largely idiosyncratic in nature may be one reason why studies that have used aggregate price statistics have tended to dismiss the amount of seasonality in price movement. Further, the idiosyncratic tendencies of seasonal price movements have important ramifications for the adjustment of such data. The BUS seasonally adjusts the CPI indirectlyby first filtering the disaggregated components, then aggregating upward to arrive at the seasonally adjusted price index. Seasonal adjustment at the component level allows the BLS to capture the wide range of seasonal patterns that exist in the price data. Moreover, seasonally adjusting the index in this way ensures that seasonally adjusted subindexes will aggregate to the seasonally adjusted aggregate index. However, not all components are adjusted, as they must first pass certain statistical criteria; otherwise, they are introduced into the "seasonally adjusted" aggregate index on an unadjusted basis.
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Because of the BLS's selective approach to seasonal adjustment, 26 of the 60 CPI subindexes (roughly 20 percent of the weighted index) were left unadjusted prior to January 1994. Yet, because not all of the components were seasonally adjusted, the BLS may have inadvertently introduced a seasonal pattern into the aggregate price series by eliminating only large seasonal price fluctuations, while allowing the small, otherwise offsetting seasonal price adjustments to pass into the index unadjusted. The net result may have been a residual seasonal variation in the price data that became conspicuous when the cyclical variation in prices subsided.
Indeed, over the 1982 to 1993 subperiod, deterministic seasonality can be detected in the seasonally adjusted CPI (table 5) . Specifically, seasonally adjusted consumer prices tended to rise about 2 percentage points (annualized), or about 50 percent more, during January and tended to decline by a cumulatively similar amount during November and December. Such seasonality accounts for more than 10 percent of the variation in the seasonally adjusted CPI over the period.
In an effort to reduce the amount of deterministic seasonality in aggregate consumer prices, the BLS broadened its seasonal adjustment procedure in 1994 to allow the seasonal adjustment of a price series, even if it fails to meet the statistical criteria, if the index at the next higher level of aggregation meets the criteria for seasonal adjustment.
7 As a result of the new procedure, only 10 of the 60 major subindexes, or about 5 percent of the weighted CPI, were unadjusted in the seasonally adjusted CPI in 1994. This procedural change reduced but did not eliminate the residual, deterministic seasonality in the adjusted CPI. While no single month reveals a statistically significant seasonal at the 5 percent level of significance, Wald tests of the joint significance of the deterministic seasonals showed seasonality at the 99 percent confidence level. Moreover, deterministic seasonality still accounts for slightly more than 5 percent of the variation in the seasonally adjusted CPI using the new BLS procedures.
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• 6 Specifically, the BLS seasonally adjusts a series if seasonality is demonstrated by an F statistic greater than 7. While this may seem an unusually rigorous criterion (the unconditional probability of which is roughly 1 (T 6 ), the BLS notes that the F statistic is biased in autocorrelated data such as these. The BLS further notes that this criterion is commonly used by other statistical organizations, such as Statistics Canada.
• 7 In addition, the BLS dropped a rule prohibiting the seasonal adjustment of a series if it failed the statistical criteria in either of the prior two years.
• 8 Buszuwski and Gallagher (1995) note that residual seasonality in the seasonally adjusted CPI appears to originate in the energy components of the index, specifically fuel oil and natural gas. Moreover, the authors claim that these price movements are the result of interventions (or trend adjustments) in the data. Our specification for deterministic seasonality makes no distinction between different "types" of price movements as long as they can be observed at the seasonal frequency. 1967-1993 1982-1993 Jan. Bryan and Cecchetti (1994) demonstrate how the median in the cross section of consumer price changes reduces idiosyncratic noise in individual prices and improves the inflation signal in the aggregate price change statistic.
9 Here, we consider residual seasonality in the aggregate price index as a special case of idiosyncratic noise. We test for the existence of deterministic seasonality in the weighted median price change calculated from a cross section of seasonally adjusted data from 36 inclusive components in the CPI. We then compare the results to those of the CPI, similarly constructed (table 6) .
Over the full sample, deterministic seasonality was found in the seasonally adjusted CPI at more than a 99 percent confidence level, but at only an 82.6 percent level of confidence for the seasonally adjusted median CPI. However, in the post-1982 subperiod, deterministic seasonality can be observed in both the CPI and the median CPI at the 99 percent confidence level.
We tentatively conclude that due to the predominantly idiosyncratic nature of the deterministic seasonality we observe in consumer price data, the median price change estimate may reduce the influence of such seasonal noise in the aggregate monthly price statistics. These results also have implications for the seasonal adjustment procedures currently employed by the BLS. By selectively seasonally adjusting the component data before constructing the seasonally adjusted index, the BLS risks inadvertently introducing idiosyncratic noise into the aggregate index at a seasonal frequency. This potential problem could be addressed by adjusting the index after aggregation.
An obvious difficulty that arises from this approach is that aggregation anomalies can occur. That is, the weighted sum of the seasonally adjusted index is unlikely to match the seasonally adjusted aggregate index exactly. Such
• 9 That paper shows how idiosyncratic price disturbances that are manifest as an asymmetric distribution of price changes can be reduced by limited-influence estimators. In that class of estimators, the median has the highest correlation with past money growth and improves CPI forecasts.
B 0 X 1 The Case of Stochastic Seasonality
As noted by Miron (1990) , stochastic seasonality is not qualitatively different or logically separable from stochastic variation at a nonseasonal frequency.
a Nevertheless, we consider seasonality of the form (4) Seasonality of this type might occur when there is a strong seasonal price pattern with large adjustment costs. This might generate intermittent price changes at a seasonal frequency that persist over a period of a few years. An example might be adjustments to school tuition that occur in the fall and are spread out over several school years. Another potential source of stochastic seasonality is when the seasonal cycle and the business cycle interact, such that the degree of seasonality depends on the irregular stage of the business cycle. Such interactions have been demonstrated by Cecchetti, Kashyap, and Wilcox (1994) .
We test for the existence of stochastic seasonality both independently and jointly with deterministic seasonality for the unadjusted CPI. In no case, and in neither of the two subperiods, were we able to identify a stochastic seasonal process in the aggregate index. However, several individual components exhibit stochastic seasonal variation at the 95 percent confidence level, and a few do so at the 99 percent level (table 7) , including educational services, books and supplies, entertainment commodities, motor fuel, apparel services, housekeeping supplies, and gas and electricity.
Although we fail to find a significant, stochastic seasonal process in aggregate prices (a result that has been found elsewhere and for other macroeconomic data), we note that some of the component data exhibit significant stochastic variation at a seasonal frequency. This result may reveal those areas where the interaction between the seasonal and cyclical variation in prices is greatest. Obviously, more work in this potentially important area is advisable. a. A third source of seasonal variation, the seasonal unit root, commonly specified as x, = x t _ s + e,, was not considered here and has little apparent standing in the theory or evidence of seasonal processes. An example of a seasonal unit root is a calendar effect, such as the number of "paydays" varying irregularly from month to month depending on the rotation of the sevenday week around the calendar.
anomalies may be a problem for those agencies, like the BLS, that intend the CPI as a costof-living statistic and, therefore, where consistent component estimates are an important consideration. Consequently, this is not a criticism of the BLS approach per se, but a recommendation for economists who use the CPI as a monthly inflation guide. As a high-frequency estimate of inflation, the potential for aggregation anomalies would seem to be of secondary importance to the elimination of transitory noise from the statistic.
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III. Conclusion
In this paper, we reevaluate the evidence of seasonality in prices in light of the significant reduction in cyclical price movements that has allowed the seasonal patterns to become evident. We find the existence of seasonality to be substantially greater than previous research has indicated.
One central conclusion is drawn from this analysis. Seasonality in consumer prices is predominantly, although certainly not entirely, idiosyncratic in nature. This result stands in contrast to studies that demonstrate a common seasonal cycle in real economic variables, such as industrial production and retail sales. Furthermore, given the statistical criteria that the BLS uses to seasonally adjust component data, the existence of unadjusted data in the index may inadvertently allow noise into the price index at a seasonal frequency. For economists who are interested in using the index as a highfrequency inflation estimate, this implication argues in favor of seasonally adjusting the index after aggregation. 
